Citation: Colaizy TT, Longmuir S, Gertsch K, Abràmoff MD, Klein JM. Use of a supplemental oxygen protocol to suppress progression of retinopathy of prematurity. Invest PURPOSE. To compare progression of retinopathy of prematurity (ROP) before and after institution of an oxygen therapy protocol to inhibit active proliferation and progression of ROP in premature infants.
E xposing premature infants to supplemental oxygen is a risk factor for development of retinopathy of prematurity (ROP). 1 However, the role of oxygen in the development of ROP is complex. The possibility that higher levels of oxygen would prevent progression of ROP later in the course of treatment after ROP has already developed has been studied in the Supplemental Therapeutic Oxygen for Prethreshold Retinopathy of Prematurity (STOP-ROP) trial. 2 This trial has shown that using supplemental oxygen to target higher oxygen saturation levels for infants with prethreshold (moderate to severe) ROP reduces the progression to threshold (severe) disease, but does not show a significant decrease in requirement for laser therapy. 2 Among all infants with prethreshold ROP, infants in the higher saturation group experienced a lower rate of progression to threshold disease (41% vs. 48%, P ¼ 0.032). Among the subgroup of infants with prethreshold ROP without plus disease, the rate of progression decreased even further to 32.3% in the higher saturation group from 45.6% in the conventional group (P ¼ 0.004). However, infants in the higher saturation group experienced higher rates of hospitalization at 50 weeks postmenstrual age (PMA) as well as higher rates of oxygen and diuretic use at this time. 1, 3 The decrease in progression of retinopathy with the use of higher oxygen saturation levels reported in the STOP-ROP trial has been suggested but not globally accepted as a reason to implement targeted supplemental oxygen therapy in infants with stage 2 or higher ROP. 4, 5 Based on these findings, a quality improvement initiative was undertaken at the University of Iowa Neonatal Intensive Care Unit (NICU) to use targeted oxygen therapy in infants with ROP. Infants with stage 2 or greater ROP were started on a targeted supplemental oxygen protocol to reduce the progression of ROP. The purpose of this study was to compare the rates of progression of ROP in infants with stage 2 ROP before and after 2008 when the targeted oxygen therapy protocol was initiated, and to compare pulmonary outcomes between the two groups.
METHODS

Participants
We reviewed the medical records of all inborn very low-birthweight (VLBW) infants who underwent ROP screening from 
Retinopathy of Prematurity Screening
Eye examinations were performed by trained pediatric ophthalmologists with indirect ophthalmoscopy who alerted the NICU staff to the findings. Prethreshold ROP was defined as any stage 2 or stage 3 ROP in zones 1 or 2, as classified by the 2006 policy statement published in Pediatrics. 7
Targeted Supplemental Oxygen Therapy Protocol
Oxygen saturation levels of infants were measured by using Nellcor pulse oximeters (Covidien, Mansfield, MA, USA). Baseline target saturations for all VLBW infants cared for in the University of Iowa NICU were 85% to 95%. Alarm limits were adjusted by gestational age ( Table 1 ). The target oxygen saturations and alarm limits were set to avoid bursts of hypoxemia, as this has been shown to worsen ROP. 4, 8, 9 The current baseline oxygen target saturations and alarm limits are listed in Table 1 and are based on adjusted PMA.
During epoch 1, after ROP diagnosis, no adjustments were made in oxygen saturation targets, based on the ROP status. During epoch 2, upon introduction of a targeted oxygen therapy protocol (see details in Table 2 ), the oxygen saturation target was increased to ‡97% after diagnosis of prethreshold or worse ROP. Our oxygen protocol was based on the STOP-ROP trial, which showed a significant reduction in progression of stage 2 to stage 3 ROP. 2 The target oxygen saturations were kept ‡97%, to minimize hypoxic events, 10 until ROP regression began. 9 The lower alarm limit was set at 90% to avoid alarm fatigue from false alarms due to motion artifact, and patients were not weaned below an effective oxygen level of 0.30 to 0.40 to minimize episodes of desaturation. Patients in room air whose baseline saturations were <97% were started on supplemental oxygen; patients who were already receiving supplemental oxygen had their oxygen increased as needed to achieve targeted saturations. Infants on nasal continuous positive airway pressure (CPAP) or mechanically ventilated at the time of ROP diagnosis had their baseline oxygen increased to meet target saturations, with a safety limit of FiO 2 0.50 to minimize oxygen toxicity. Infants on nasal cannula oxygen therapy had the flow and/or blended oxygen concentration increased to meet target saturations, with a safety limit of an effective FiO 2 of 0.50, as calculated with an online calculator. 11 
Statistical Analysis
Gestational age at birth, birth weight (BW), sex, sepsis, necrotizing enterocolitis (NEC), survival, highest stage of ROP, and PMA at stage 2 and stage 3 were documented. For eye findings, the presence of plus disease, need for peripheral laser ablation, and retinal detachment were documented, as well as the refraction at 12 months of age and presence of unequal vision or strabismus on the latest eye examination for the patient. Markers for bronchopulmonary dysplasia (BPD), defined as the use of oxygen at 36 weeks, oxygen supplementation at discharge, use of diuretics, use of oral azithromycin, and/or use of theophylline at discharge, were documented.
Statistical analysis was performed by using SAS software 9.3 (Cary, NC, USA) with v 2 , Fisher's exact test, or Wilcoxon rank sum test as indicated, and we used multiple logistic regression modeling to assess the impact of oxygen treatment to suppress ROP on progression from stage 2 to 3, adjusting for factors that differed between the two cohorts by a standard univariate P value < 0.20. 12 
RESULTS
Screening eye examinations for ROP were performed on 1112 VLBW inborn infants from January 1, 2002, to December 31, 2012. Overall incidence of ROP was 34.2% (380/1112) and the highest stage of ROP reached was as follows: 13.9% stage 1 ). The incidence of sepsis was similar between epochs; however, there were more cases of NEC diagnosed in cohort B (4/103) than cohort A (2/ 122), P ¼ 0.04. Table 4 shows comparison of the clinical characteristics and outcomes of both epochs. Infants enrolled in the SUPPORT trial were equally distributed between the epochs: 17/122 in cohort A, 11/103 in cohort B, P ¼ 0.4720.
We found a significant reduction in the progression of ROP, using a targeted supplemental oxygen protocol. Before the implementation of the oxygen therapy protocol, that is, cohort A (January 1, 2002-December 31, 2007), 44% (54/122) of infants progressed beyond stage 2 as compared to only 23% (24/103) in cohort B, infants after protocol implementation (January 1, 2008-December 31, 2012) (P ¼ 0.001). Given the difference in NEC incidence between the epochs, and the trend toward lower birth weight in cohort A, a logistic regression model was created to adjust for the effects of NEC and BW. Compared to cohort A, infants in cohort B, with stage 2 ROP who were treated with the oxygen therapy protocol, had significantly decreased risk of ROP progressing to stage 3 or worse (odds ratio [OR] 0.37; 95% confidence interval [CI] 0.20-0.67; P ¼ 0.0013).
Plus disease also occurred less frequently in cohort B; however, this difference was not statistically significant (cohort A, 18.9%; cohort B, 12.6%; P ¼ 0.2). Despite the reduction in ROP progression to stage 3 or worse, the need for laser peripheral ablative therapy was similar in the two cohorts (cohort A, 13.9%; cohort B, 12.6%). All cases were treated with indirect diode laser.
Pulmonary outcomes including the use of supplemental oxygen at 36 weeks, oxygen use at discharge, and need for diuretics, theophylline, or prophylactic azithromycin were reviewed and no statistically significant differences were found between cohort A and B.
Age-appropriate vision was assessed at the last available examination for each patient. Eye examinations at ‡12 months of age were available for 70% of the patients (157/225). No statistically significant differences were found between epochs for the incidences of amblyopia or unequal vision as assessed by fixation preference or subjective vision (difference of two lines or greater than two lines) (P ¼ 0.4). There was also no difference in the occurrence of strabismus (14 subjects in cohort A, 10 subjects in cohort B, P ¼ 0.4). In children with subjective vision evaluated, all had vision better than 20/200, except for one child who had light perception vision secondary to cortical visual loss in the second epoch.
DISCUSSION
We found that after implementation of a targeted supplemental oxygen therapy protocol, progression from stage 2 to stage 3 ROP was significantly decreased without an increase in pulmonary morbidity, supporting the efficacy of oxygen in inhibiting progression of ROP. We found a decrease in the progression of stage 2 ROP without plus disease from 44% to 23% with the use of a targeted supplemental oxygen therapy protocol; infants in cohort B were 68% less likely to experience progression (univariate OR 0.38; 95% CI 0.21-0.68). These findings are consistent and have improved upon the results reported by the STOP-ROP investigators in a similar population of infants with prethreshold ROP without plus disease (46% to 32% in the low saturation versus high saturation groups). Adjusted for birth weight and NEC, the odds of developing severe ROP in our subjects were significantly lower after initiation of the oxygen therapy protocol (OR 0.37; 95% CI 0.20-0.67; P ¼ 0.0013). Despite the fear that supplemental oxygen creates worse pulmonary outcomes, we did not find this to be the case in our retrospective study of increased oxygen supplementation. There were no statistically significant differences found in discharge pulmonary medications, discharge oxygen requirement, or oxygen requirement at 36 weeks. Unlike the STOP-ROP trial, we did not find a statistically significant increase in pulmonary morbidity in infants placed on our targeted supplemental oxygen therapy protocol. In the STOP-ROP trial, infants in the high saturation group experienced significantly increased pulmonary morbidities at 50 weeks PMA, including higher rate of oxygen use (47% vs. 37%) and diuretic use (36% vs. 24%). Although we did not formally assess infants at 50 weeks PMA owing to the observational nature of our study, there was no difference in the use of supplemental oxygen at either 36 weeks PMA or at hospital discharge. Additionally, there was no difference in the use of respiratory medications at discharge. We found a higher rate of NEC in cohort B, during epoch 2 of the targeted supplemental oxygen therapy protocol. Despite the increase in NEC, a potential risk factor for worse ROP, the patients in cohort B still had less ROP progression.
Our study was limited in that it was a retrospective cohort study, rather than a randomized controlled trial, which limited our ability to control for nonsystematic changes in clinical practice over the 9-year span of this study. However, the only unit-wide systematic practice intervention made during this time was the introduction of our supplemental oxygen therapy to suppress progression of ROP.
An additional limitation was that the primary outcome of interest (progression from stage 2 to worse ROP) was determined by review of clinical eye examination reports. We were unable to determine if the effect of therapy was different between patients with prethreshold versus threshold ROP, 7 as the examinations did not routinely include clock hours of ROP. Since the Early Treatment Retinopathy of Prematurity (ETROP) study introduced plus disease as treatment criteria, 13 the clock hours of ROP are not routinely mentioned on screening eye examinations. It is important to note that the University of Iowa NICU was participating in the SUPPORT trial during part of both epochs (October 27, 2006-February 10, 2009). Although the SUPPORT trial did study the impact of oxygen saturation limits on the incidence of ROP, it did not study the impact of saturation limits on progression of ROP once diagnosed. Additionally, a similar proportion of each cohort was enrolled (17/122 in cohort A, 11/103 in cohort B, P ¼ 0.4720). Given that SUPPORT was a randomized trial, the equality of participation in both cohorts should prevent bias. Our clinical guidelines for patients not enrolled were not affected by participating in the SUPPORT trial, and we made no changes in our oxygen saturation limits after publication of the results of the SUPPORT trial.
It is interesting that despite reducing the odds of progressing from stage 2 ROP to stage 3 in the second epoch, there was no statistically significant decrease in the number of infants requiring laser treatment for threshold or type 1 ROP, a finding that was also consistent with the results from the STOP-ROP Trial. One might then ask whether the increased oxygen protocol is useful if it does not decrease the number of children requiring treatment. From our clinical experience, some individual infants are spared the need for laser, based on this oxygen protocol, although the numbers for the group as a whole may not achieve significance. In addition, it has long been noted that a better anatomic and visual outcome is expected from eyes treated at stage 2 than at stage 3 or severe posterior ROP (ETROP study). Although longer-term follow-up is needed to validate this, it is reasonable to expect better longterm vision in eyes that did not progress to stage 3, even if they still required treatment for stage 2 plus disease. Another possibility for not finding a significant decrease in the number of patients needing laser therapy is that new recommendations for timing of treatment in ROP went into effect at approximately the same time as the second epoch in our study. The recommendation changed from treating at threshold, defined as 5 contiguous or 8 discontinuous clock hours of stage 3 with plus, to treating at type 1, an earlier stage defined as any plus disease with stage 2 or 3 in zones 1 or 2. Thus, while fewer patients in epoch 2 may have reached the more severe threshold designation, they were still recommended for treatment under the new guidelines.
A limitation to the use of supplemental oxygen to suppress ROP is diagnosing stage 2 ROP in order to find the cases to use a targeted oxygen therapy protocol. If screening protocols could more accurately detect ROP at the start of stage 2, one could hypothesize that there might ultimately be an improvement in those children needing laser or with retinal detachment. It is also unknown if the need for laser therapy could be reduced by implementing the targeted oxygen therapy protocol at stage 1 ROP, rather than the more severe stage 2. Related to this, a smaller proportion of VLBW infants in epoch 1 (82.7%) received at least one screening examination than those in epoch 2 (91.7%). There was no change in screening protocol in our unit during this time, and thus the reasons for this are unclear. This may have increased the risk of ascertainment bias, that is, missing cases of ROP. However, our intention was to study the impact of our oxygen protocol on progression after the diagnosis of stage 2 ROP, not the overall incidence of ROP in the population. Missing cases should impact primarily the incidence, not the rate of progression, in the cases detected.
Because there are known risks to both oxygen desaturation and excessive use of oxygen, we designed our oxygen therapy protocol to limit episodes of both hypoxia and hyperoxia. We designed the protocol to include specific oxygen saturation targets with a wide range of alarm settings to minimize the need for excessive adjustment of FiO 2 for transient episodes of desaturation. For each patient, we assigned an FiO 2 limit or floor below which the oxygen level was not to be weaned in order to minimize bursts of hypoxia, which have been known to cause worsening of ROP. 4, 8, 9, 14 Conversely, to minimize hyperoxic exposure, our protocol included limiting the effective oxygen exposure to FiO 2 0.50-0.60 even if this meant that some infants did not consistently achieve the desired oxygen saturation of ‡97%. We believe that limiting the amount of oxygen exposure among infants treated with our protocol minimized the risk of significant pulmonary exacerbation even if infants were unable to achieve targeted saturations owing to their degree of lung disease. As a retrospective study, the rate and occurrence of desaturations could not be collected, since continuous pulse oximeter data are not routinely downloaded and stored in the medical record.
An additional limitation of our study was lack of complete data on all subjects' visual outcomes owing to loss to follow-up after the initial screening eye examinations. Additionally, there were some patients who were followed up past 12 months of age, but were too young to have their subjective vision tested. However, in the group that was old enough to have subjective vision testing, there were no children that had severe blindness or were legally blind (<20/200 vision) owing to ROP.
In conclusion, our data showed that the selective use of a standardized protocol to deliver targeted supplemental oxygen therapy in infants with stage 2 ROP can be a safe and effective method of decreasing the progression of active ROP. Standardized protocols are most effective when used in a collaborative manner in a multidisciplinary team approach between ophthalmology and neonatology providers in selective patients. These findings would support the use of a standardized targeted supplemental oxygen therapy approach to inhibit the progression of ROP.
